Background: The role of occupational prestige, a direct measure of the perceived status of job and job holder, in inflammation is unknown. To contribute to understanding the pathways by which socioeconomic position (SEP) is associated with inflammation, we aimed to estimate the direct effects of education, income and occupational prestige on C-reactive protein (CRP) and to describe the relationship between these markers and CRP. Methods: The study was based on 2026 post-menopausal women enrolled in the Women's Health Initiative-Observational Study. Occupational prestige was determined by linking a text description of longest held occupation with a social status item from the Occupational Information Network. Path analysis was employed to estimate direct and mediated effects. Results: The study suggests that higher levels of education, income, and occupational prestige are associated with 8% (95% CI as percentage change À12, À4), 5% [95% CI (À8, À2) and 4% (95% CI À 7, À1)] lower levels of CRP, respectively. The inverse association between education and CRP was explained by the effect of education on income and occupational prestige. The effect of occupational prestige on CRP was independent of mediators in the model. Conclusions: The findings indicate that education may work to influence CRP primarily through increasing income and occupational prestige and provides evidence that occupational prestige captures a unique aspect of SEP. 
Introduction

I
nflammatory processes are observed in a variety of age related disorders such as cardiovascular diseases, type 2 diabetes 1 , cognitive decline and frailty. 2 The effects of education and income have been studied in-depth in relation to inflammation. A majority of previous studies report an inverse association with inflammation, however many previous studies have over adjusted by including mediating factors. 3 Furthermore, the effect of occupational prestige, a direct measure of the perceived status of job and job holder, which captures a psychosocial aspect of SEP is unknown.
Education and income are linked with health through a combination of material and psychosocial mechanisms. 4 Education affords occupational opportunities that are less hazardous, more prestigious and offer higher pay and equips individuals with knowledge that may be useful in improving or maintaining health. 5 Income is associated with health through access to material and symbolic resources represented by status and rank within ones community. 5 Occupational prestige is a measure of how the worthiness of an occupation is perceived in society and captures a psychosocial aspect of SEP. Occupational prestige may affect health by influencing how people feel about themselves, by increasing opportunities to receive social support or by influencing how people are treated on a daily basis. 6 Evidence suggests that occupational prestige is associated with lower risk of all-cause, cancer, cardiovascular and respiratory related mortality 4 and self-reported health 6 ; however, occupational prestige has never been investigated in relation to inflammation. Many studies have attempted to elucidate the independent effect of one component of SEP, by adjusting for other components, and claim the effect of one component is independent of the effect of the other. 7 This approach does little to add to the understanding of how interrelationships among SEP components contribute to subsequent effects on health. This study aims to elucidate pathways by which SEP components are related to inflammation by explicitly considering the relationship between education, income and occupational prestige and C-reactive protein (CRP). CRP, an acute phase plasma protein produced by the liver, has been shown to be a sensitive systemic marker of inflammatory processes. 1, 8 The conceptual model for the study depicted in figure 1 , shows that education affects CRP through its effect on income (path a and d) and occupational prestige (path c and e). Furthermore, because all three components capture different aspects of SEP, education, income and occupational prestige are hypothesized to have a direct effect on CRP (b-e). The relationship between income and occupational prestige is likely to be bidirectional, so we choose not to focus on this association in the study.
Methods
The Women's Health Initiative-Observational Study (WHI-OS) examined common causes of death and disability among post-menopausal women aged 50-79. Data collection tooks place between September 1994 and December 1998. Approximately 373 000 women were screened for participation, and a little over 161 000 participated in a trial or WHI-OS ($43% participation rate). 9 Women with serious medical conditions, predicted survival <3 years, mental illness, dementia and alcohol or drug dependency were excluded, hence participants are likely to differ from the general population by these variables. 9 There was further selection into the WHI-OS. A comparison of risk factor distribution between women in the WHI trials and the WHI-OS show that WHI-OS participants were slightly better educated, had higher income and were less likely to be obese than the WHI Trial participant's. 9 This study used data from a nested case control study of WHI-OS that assessed the association between inflammation and diabetes mellitus. 10 Incident diabetes cases were matched to 2170 controls free of cardiovascular disease and diabetes. Due to the association between inflammation and cardiovascular disease and diabetes, we analysed data from the 2170 controls. Women who never held a paid job (n = 70) were excluded from the study and the participants with missing values on independent variables (n = 74) were dropped leaving 2026 women. Informed consent was obtained from all individual participants.
C-reactive protein
Fasting blood samples were obtained at baseline following standardized protocol. The blood was processed locally into separate aliquots containing serum, plasma and buffy coat. CRP was measured on a chemistry analyser (Hitachi 911; Roche Diagnostics, Indianapolis, IN) using a high sensitivity immunoturbidimetric assay with reagents and calibrators (Denka Seiken Co Ltd, Niigata, Japan). The coefficient of variation was 1.61%. 10 
Education
Educational attainment was derived from a self-administered questionnaire item about highest grade completed and was subsequently categorized as (i) less than high school graduate (ii) high school diploma or GED, (iii) vocational or training school after high school graduation or some college, (iv) baccalaureate degree/ college graduate and (v) some graduate or professional school (vi) master or doctorate. Education was treated as a continuous variable in the study due to its linear association with mediators and CRP.
Income
Income was derived from a self-administered questionnaire item about total pretax family income (<$10 000, $10 000 to $19 999, $20 000 to $34 999, $35 000 to $49 999, $50 000 to $74 999, $75 000 to $99 999, $100 000 to $149 999, $150 000 or more, Don't know) with the 'Don't know' category defined as missing. Income was treated as a continuous variable using interval regression, a generalization of censored regression.
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A model was fit to predict where in a given income bracket each individual fell using relevant predictors of income (age, education, ethnicity, marital and retirement status). This was done on a log scale due to the skewed distribution of income. To enhance interpretation of regression coefficient's the income variable was rescaled to reflect a $15 000 increase in income.
Occupational prestige
At baseline, women reported up to three paid jobs (full-time or parttime) held the longest length of time since age 18. For each job, job title, industry, age at which work began and total duration of employment were reported. An algorithm matched the two unstructured text fields ('job title' and 'industry') with 2010 Standard Occupational Classification (SOC) codes. 12 The precision of the match between text and SOC code via algorithm was adequate: 0.72 for 'broad occupations', and 0.85 for 'minor groups'. 13 Women's primary occupation was identified as the longest held job since age 18, and the mean length of the longest held job in this population was 17.7 years (SD = 10). The women spent a mean of 40% (SD 23%) of their working life in the longest held job.
Occupational prestige for each SOC code was extracted from the Occupational Information Network (OÃNET) 16.0 database after using a crosswalk from SOC code to 2002 United States Census Code. OÃNET 16.0 contains occupational information describing job and worker characteristics.
14 OÃNET has been used to assess occupational exposure in epidemiologic research by linking information on job title to job specific descriptors. 15, 16 Occupational prestige for women's primary occupation was defined by the OÃNET item (1.B.2.c.4) as follows: 'To what extent does this occupation allow the worker be looked up to by others in workers' company and workers' community?' The occupational prestige question was developed for OÃNET based on a question in the Minnesota Importance Questionnaire to evaluate social status. 17, 18 The scores in this population ranged from 6.25 to 100 (mean = 51.2; median = 51.4; SD = 18) and some reported jobs and corresponding prestige scores are: waitress (9.3), cashier (21.6), telephone operator (31), secretary (41), sales representative (52.5), teacher (62.5-65.5) and registered nurse (69).
Covariates
Covariates were collected at baseline using self-administered questionnaires 9 and include age, ethnicity, retirement status (yes, no), marital status (not married, presently married or living in a marriage like relationship) and birth year cohort (1910-14, 1915-19, 1920-24, 1925-29, 1930-34, 1935-39, 1940-44, 1945-49) .
Statistical methods
The direct and indirect effects of education, income and occupational prestige on CRP were estimated in a single model using path analysis. 19 Direct effects are unmediated effects and indirect effects are effects that influence the outcome through intermediate variables specified in the model. The associations between SEP components and CRP were controlled for age, birth year cohort and ethnicity. The associations between income, occupational prestige and CRP were additionally controlled for retirement and marital status. Smoking status and WHR were modelled as mediators between SEP components and CRP. 20, 21 In mediation analysis, it is additionally important to adjust for confounding of the mediator-disease relationship. [22] [23] [24] Therefore, the associations between smoking and CRP and waist-hip ratio and CRP were adjusted for age, ethnicity and birth year cohort. Smoking, a categorical dependent variable, was transformed using the probit function and thereby assumes a latent normal distribution. CRP was transformed using the natural logarithm. The results are presented as percentage increases (95% CIs) in CRP associated with a unit increase in exposure. The percentage change estimates were obtained using the following equation:
The evaluation of goodness-of-fit of the model was determined by the Chi-squared test with degrees of freedom and a P values > 0.05, comparative fit index (CFI) above 0.90 and the Root Mean Square Error of Approximation (RMSEA) below 0.05 indicating a good fit. 25 All available data were used to estimate the models using full information maximum likelihood estimation. This method is consistent also if some values are missing, as long as the risk of missingness is a function only of the independent variables and the independent variables have no missing values. We therefore used this procedure after deleting 74 observations with missing values in marital status, retirement and ethnicity. The error terms for occupational prestige and income were allowed to covary to improve model fit and statistical power.
Analyses were conducted in Stata v.13 and Mplus v.7.
Smoking and high body weight are documented to be socially patterned with low SEP groups having a higher prevalence of both 26, 27 and studies suggest that these factors explain at least part of the association between SEP and elevated CRP. Therefore, in a sensitivity analysis we investigated the mediating effect of smoking and waist hip ratio on the main associations. Current smoking status was self-reported and categorized as yes/no. Waist-to-hip ratio 28 was measured to the nearest 0.5 cm. Due to the inclusion of a binary mediator (smoking), parameters in the sensitivity analysis were estimated using a weighted least squares technique. 29 
Results
A comparison of participant's in the present study and the remainder of the Womens Health Initiative (WHI) participants (n = 160 000) revealed that participants were $1 year younger, had a lower mean waist-hip ratio and were less likely to report excellent/ good health. Considering the random selection from the WHI-OS and the similarities in SEP measures and waist-hip ratio which is highly correlated with CRP concentrations and self-reported health it is unlikely that selection bias is of major concern in this study.
Characteristics of the study population and correlations with and geometric means of CRP are shown in table 1. The mean pre-tax family income was 46 607 USD/year and the mean occupational prestige score was 52(SD = 18). Examples of occupations corresponding to a prestige score close to 52 are bookkeeper sales representative, and travel agent. Forty one percent of women were college graduates and only 7% did not complete high school.
A one unit increase in 'education' (e.g. moving from college graduate (BA degree) to some graduate or professional school) was associated with 8% lower CRP [95% CI (presented as a percentage) CI À12, À4] (table 2). This effect was mediated by income, and occupational prestige. The mediating pathway from education through income to CRP (figure 1, path a and d) was associated with a 4% lower CRP (95% CI À6, À2) (table 3). The effect of education on CRP was also mediated through occupational prestige and this pathway (figure 1b and e) was associated with a 3% lower CRP (95% CI À5, À1). The results suggest that $88% of the total effect of education on CRP was mediated through income and occupational prestige. The goodness of fit indicates good to excellent model fit (table 2) .Each $15 000 increase in 'income' was associated with 5% lower CRP (95% CI À9, À2).A 10 unit higher 'occupational prestige' (e.g. the prestige difference between a telephone operator and secretary) was associated with 4% lower CRP (95% CI À8, À1) (table 2) .
The sensitivity analysis indicated that smoking accounted for $13% of the total effect of education on CRP and 20% percent of the total effect of income on CRP, while waist hip ratio did not play a mediating role. The effect of occupational prestige on CRP was not mediated by smoking and waist hip ratio. (data not shown)
Discussion
The findings suggest that the inverse association between education and CRP was primarily explained by the effect of education on income and occupational prestige. Higher education was associated with higher income and higher occupational prestige. Income was inversely associated with CRP. Our study confirms prior research supporting an inverse association between education and income and CRP but to our knowledge, this is the first study to evaluate occupational prestige as a component of SEP on inflammation and to model the interrelationship between several SEP indicators.
In accordance with our hypothesis, the effect of education on CRP was primarily explained by the effect of education on income and occupational prestige. Results from an American study showed that higher education was linked to reduced inflammation because education reduces the risk for low income status. 30 Findings from this study suggest that in addition to the impact of education on income, education influences CRP through occupational prestige.
We found that higher occupational prestige was associated with lower CRP levels. The association between occupational measures and CRP in prior studies was inconsistent. 31, 32 For example, two studies found that parental but not current occupational status is inversely associated with CRP 31, 32 and a study from the UK reported that while employment status was inversely associated with CRP, job type (manual or not) was not. 33 This supports the observation that crude occupational categories may be less sensitive to components of SEP compared with direct measures of relevant job characteristics, such as occupational prestige. 6 No previous studies have addressed the association between inflammation and occupational prestige, specifically. However, our finding is consistent with studies of occupational prestige that have evaluated other related health outcomes. 4, 6 The results of our analysis provide additional evidence that the effect of occupational prestige on CRP captures a unique aspect of SEP not fully measured by education and income.
In this study, income is the only SEP component that is a family level variable. Household income may be a particularly useful indicator of SEP among women, who may not be the main household earners. 34 Therefore, we consider the inclusion of family level income a potential strength, as it encompasses the SEP of the husband, providing some control for the SEP garnered through the husband's status. Although the association between income and CRP was only partially explained by mediators in the current study, the remaining direct effect suggests an independent effect of income on CRP. In the sensitivity analysis-waist hip ratio and smoking did not play a strong role in mediating these associations (data not shown). However, other unmeasured mediating factors may account for the associations between income, occupational prestige and CRP. For example, occupational prestige is hypothesized to affect health outcomes by enhancing self-esteem, job satisfaction and job deference, all attributes with health promoting qualities. 6 These psychosocial factors were unmeasured in this study but could be promising avenues for exploring the association between SEP and inflammation in the future.
When considering the clinical relevance of these findings individual baseline CRP levels should be taken into consideration. If the underlying CRP level of a person is moderate or high, a small further increase in the CRP level may be relevant. Further, the effects of socioeconomic position (SEP) may interact with other risk factors for CVD, for example waist hip ratio and smoking resulting in a greater impact on health.
The main strength of this study is that we have improved the assessment of SEP by evaluating distinct material and psychosocial components of SEP to determine their unique impact on inflammation. This study additionally contributes by considering occupational prestige, a component of SEP that directly measures the social standing of an occupation and the job holder, 6 thereby explicitly assessing an important psychosocial side of the influence of SEP on inflammation. To do this we used an independent source of information (OÃNET), not biased by subjects' report.
The analytical approach allowed for the joint analysis of complex relationships hypothesized to exist between the components of SEP, mediators and CRP and allowed for the estimation of direct and indirect effects. The risk of exposure and covariate misclassification is enhanced by the retrospective design of the study. Information on longest held job and education were retrospectively collected and recall bias may introduce measurement error. However, due to the low grade nature of inflammation in a population of otherwise healthy women, this is unlikely. Furthermore, in path analysis, a temporal ordering of the variables is implicit in the specification of the model. 35 Due to the retrospective design of the study it is not possible to determine with certainty the correct ordering of the SEP variables. However, educational attainment is typically completed in young adulthood and is strongly determined by childhood SEP. 34, 36, 37 Therefore it can be conceptualized within a life course framework as an indicator of SEP in earlier life. 34 Evidence suggests that education strongly determines future occupation and income, therefore we feel confident that in most cases educational attainment would precede later life income and longest held occupation. Note: Factors and AE95% CIs and corresponding percentage changes in CRP are presented. a: An example of the interpretation of a specific indirect effect is that a one unit increase in education is associated with a 3% lower CRP through the effect that educational attainment has on occupational prestige.
The mediating effects of behavioral and psychosocial factors may be further moderated by ethnicity. 21, 38, 39 Further, the meaning of education and occupational prestige may change over time. Secular trends towards improving educational opportunities for women and changes to the structure and composition of work places can change the status associated with a particular profession and could have affected our results. 34 We adjusted the analysis for birth year cohort and ethnicity to address these issues, but we did not have sufficient statistical power to address moderation by ethnicity or birth year cohort in this study.
Conclusions
This study supports the hypothesis that the association between education and CRP was primarily explained by the effect of education on income and occupational prestige. Income and occupational prestige were directly and inversely associated with CRP. Given the retrospective design of the data these findings should be examined further in longitudinal study designs, with focus on the mechanisms underlying the associations between occupational prestige and inflammation.
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Key points
Previous studies report an inverse independent association between education and income, commonly used components of socioeconomic position (SEP), and inflammation, however many previous studies have over adjusted for mediating factors and the association between occupational prestige and inflammation has never been studied. Findings from the current study suggest that in addition to the impact of education on income status, education influences inflammation through occupational prestige. This study provides evidence that the effect of occupational prestige on C-reactive protein captures a unique aspect of SEP that is not fully measured by education and income.
